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Startiap with fjeaeral drawings and infornation 
furnished by Pr. Pastes 3, Allen, the detailed draw- 
ings, assewbly procedures, and prooesolng techniques 
were developed by the investigation reported in this 
peper. Three tubes were completed, of which the 
last one was successfully operated and tested. 

The limitations and characteristics of the elec- 
tron multiplier detector are discussed and the design 
data for some useful associated anplifler deduced 
therefrom. Two of such anplifiers were constructed, 
tested, and used in the counting of iwrticio sources. 

A radical departure from accepted procedure in 
heat treating of electrodes was tried In the final 
tube. This process, hydit>gen firing, produced aul- 
tiplication and particle sensitivity such that the 
indicated efficiency and range of operability are 
appreciably better than those previously obtained by 
Dr. Allen. 
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INTROrUCTIOK 



Tho most widely used detectors of single particles at 
the present time are devices that detect the ionisation 
which is produced in a gas by the pas sago of a nuclear 
particle. Detectors of this type ere called Oeiger-i^eller 
counters, proportional counters, or ionisation chambers 
depending upon the amount of gas amplification which is 
utilised.* They possess many attributes such as simplicity, 
large sensitive area, and high efficiency, which account for 
their wide use. 

The detector that is discussed in this paper is funda- 
mentally different from these in that gas ionization plays 
no useful role in its operation. Instead, secondary elec- 
trons released from a metal surface by the impingement of a 
particle serve as the initial event in the detection. These 
secondaries pass through an electron imiltiplier which aug- 
ments the beam current until it is large enough to produce 



'*'A Oeiger-Mueller counter is operated with an electric field 
in the detection region that causes a complete electrical 
breakdown of the gas when a single ion is produced therein. 
The aM)unt of current drawn during the breakdown is the same 
regardless of the number of ions which were initially pro- 
duced in a single detection. 

A proportional counter is operated with an electric field 
that is sufficiently strong to produce multiple Ionization 
in certain regions of the counter, but not to such nn extent 
that saturation current is drawn. The current drawn by the 
counter In the process of detection remains proportional to 
the number of ions initially produced in the counter. 

An ionizetlon chamber is operated without utilizing any 
multiple ionisation. Tho charge detected Is just that which 
is formed by the particle which enters the sensitive region. 
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a 'Convenient voltage pulse across the output capacity of 
the euitipller. A short history of the device will nerve 
to point out its significant characteristics. 

As early as 1910 it was known that certain netalo, 
when hoabarfied with electrons, had the property of freeing 
low energy secondary electrons which exceeded the bombard^ 
ing electrons in number. This phenomenon was first em- 
ployed other than by accident in 1936 by Zworykin, iiforton 
and Walter in their design of en electron multiplier tube. 
The first larectical eiuitipller used Kcgnetic focusing of 

the electron beam. ^y 1939f completely electrostatic 

( 2 ) 

focusing had been perfected. 

The aiagnetic field was made unnecessary by oo shaping 
the electi'odes that all electron }>aths terminated on elec- 
trode surfaces in regions of retarding electric fields. 

This had the effect of causing all secondaries which were 
released to be accelerated toward the next electmdo. The 
electron paths in the original electrostatic multiplier are 
shown in Fig. 1. This drawing was taken from the published 
results of the researches of Zworykin and Itejchaan^^^ in 
this field. The iasnedlate application of the electron nal- 
tiplier was to amplify the saall currents originating on a 
photo cathode. 

Dr. Janes S. Allen, working at the University of 
Minnesota, first succeeded in using an electron mltiplior 
as a particle detector. In the process of studying second- 
ary emission froa metals bombarded by protons, be observed 
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that tha flecondary electron-proton ratio of the Kot«la 

studied was about four for protons havlne energies of 

(3) 

120 keT. After being outgassed riOst Btatels were found 
to have lower secondery electron-proton ratios, svereging 
about two. In the case of beryllium, however, the ratio 
was observed to rise to about seven or eight after it had 
been heated in a vacuum at 650°G for ten minutes. Kollath^^^ 
found a sietllar inoreese in the secondary electron-primary 
electron ratio of borylllusi when hosted in oxygen as well 
as when heated in a vacuum and concluded that the activation 
was the result of a change in crystal structure on the 
beryllium surface. 

In the Allen tube, ea originally designed, the elec- 
trode surfaces were made by evaporating beryllium onto 
nickel plates, hater, Allen discovered that commercial 
beryllium copper served equally well, and the electrode 
surfaces in subsequent designs were made directly from 
sheet beryllium copper. Beryiliua was used as the active 
element in the dynode surfaces of the multiplier as well 
as in tha particle-sensitive cathode because it was found 
to possess the following characteristics: 

(1) It has a secondary electron-primary electron 
ratio of about four after the heat treatment 
described above. See Fig. 2. 

(2) It can wlthstond the outgaeslng temperatures 
without melting. 
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(3) It oxi<5iKe« quite slowly in eir, asking 
possible the exposure of the heat treated 
surfaces to eir during the final assembly 
without significant loan of activation, 

(4) Its photoelectric work function is 3*92 
volts, rendering it insensitive to light 
in the visible range. 

(5) ^he thexiaionic emission at room temperatures 
is in the order of e few electrons per lalnute 
from any one dynode. 

The ftdvuntago which Allen first claimed for the de- 
vice as a particle detector was the elimination of the 
air path and window through which a particle from a source 
under vacuum must travel before it enters the conven- 
tional Oeiger-!vueller counter. iUnoe the multiplier 
could fora part of the aaao x'acuum system that the par- 
ticle source was in. It could be used to detect i)articles 
of much lower energies than could be detected by a device 
that depended upon the ionization of a gas. 

A second advantage of the multiplier-detector over 
the Geiger-Hueller counter Isiy in the oxcoptionully low 
background count which Alien found possible to achieve 
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usln^ bsryllium as th# active electrode oaterlal*. A 

background of five counts per fiinute w«» observed to be 

typical under setlafttctory operating conditions. This 

ccKapares favorably tiltb the background of 10 to 80 counts 

(6) 

I>er ainuts, typical of a Geiger-Muellar counter. 

Interest in the Allen tube has recently bnooiae quite 
great for a different reason froia the two cited above. 

The laultlplier detector has a isuoh shorter resolving tiae 
than any other type of particle detector now in use. Oper- 
ating in a good vacuum (10 ^ aa of Hg) it should have a 

•Q (7) 

resolving time of about 4 x 10 seconds. A rough compu- 
te tl on of the Bmitipller resolving time, made on the basis 
of certain slopllfying assuiaptions, is presented in Appendix 
A, A isore elaboi'ste calculation, presented by J. Owen-Harries, 
yields the distribution of transit times shown in Tig. 3. 

In th© average ionization chamber, on the other hand, ion 

collection time is of the order of 50 micro- seconds. This 

-A 

would limit the resolving time to 10 seconds. For co- 
incidence work the effective resolving tia© of ionisation 



*Thls low background count is in no way Inherently chcrac- 
teristic of electron multipliers in general. Attempts to 
use photossultipller tubes with cesium oxide surfaces such 
as the BCA 931A as single isirtiele detectors have not proved 
very encouraging because of the large background count ob- 
tained, The dark current at room temperatui*cs in such tubes 
as these is about oiie microampere, while oven when the tubes 
are isssorsed in liquid nitrogen, the bttcfcground count is in 
the vicinity of 100 counts per minute, or twenty times that 
observed in th# Allen tube et rcjoa temperatures 1 
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ohQMbors be na<3e as low as 10 ' second e by neaouring 
the voltage Pise resulting from electron collection only. 
For rapid continuous counting, however, the conventional 
ionisation chambers, or CeigeP'^Mueller count ere, ere 

..It «• *> ( ® ) 

limited to a resolving time of 10 ** to 10 seconds. 

The greet reduction in detection resolving tine obtained 
by using the Allen tube is Importent for two reasons. It 
opens the way to Kich more refined neasureBonts of nuclear 
tirae Intervals by coincidence techniques, nnfi it also pro- 
vides the beginning of a means of aoasuring the strength 
of very strong i>artiole radiation such as is encountered 
in fission experiji^ents. 

The purpose of the work to be described was to con- 
struct, process, and test as cany multiplier-detectors 
of the Alloa design as miglit prove necessary to determine 
and overcome the difficulties involved in their construc- 
tion, to learn the most practically effective method of 
eotivRting their surfaces, and to observe their operating 
characteristics, particularly background count, alpha 
pftrticl© count, and electron r^ltiplier gain, that thereby 
an evaluation of the device ao a practical laboratory in- 
strument might be made and suggestions for further inves- 
tigation might be offered. 
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CONSIRUCYIOH AND Pi^QCKjjSIKQ OF TIIE 

if 

Gonstructioa 

Tha isultlplier detector was constructed feceordlng to 
design data furnished by Tr. Alien*, except for certain 
modifications which will be described later. Ihe sia chine 
work involved in the construction of the tube wes per- 
formed in the huolear Science and Engineering Uschine ^op 
of the Inetitute**. ^he shop drawings prepared by the 
Synchrotron Laboratory of the Inetituta are included in 
Appendix C. The construction and unsembly of the tube was 
accomplished as desci'ibed in the following perngraphe. 

The jaultlpller dynodes were made from armealed 
beryiliuEi-coppar. (retailed properties of the motel used 
arc presented in Appendix D.) They were stasapod into shape 
and crii&pcd to nlchroae support wires as indicated on Tvg, 
A-1025-0 by a hand press using dies specially designed for 
the purpose^. 

The collector electrode was originally constructed as 
Indicated in Allen* s design, but the spacing between the 
wires forsiing the collector and the surfaces of the last 
dynode was found to be so small that on one occasion a 
Bmeli amount of warping of the last dynode during the heat 
treating process caused the two to &iake contact. For this 

* See Appendix B. 

***?r. Gunner Lysell rmit the machinist aasignod to the job. 
f These difjs nfid© by S?r, Lysoll are in the possession of 
the Synchrotron Laboratory of the Institute. 
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reason the collector in later tulles »«» made with the 
parallel wires spacec closer together, as indieated on 
Dg. A-1025-0. It was thought that the resulting reduc- 
tion of capacity would not only increase the eixe of the 
output pulses, hut would also reduce the electrostatic 
pick-up froa the adjjacent dynode surface. 

The insulator supports were constructed of syoelex 
in two of the tubes and of Orade A Lavito in the others. 
The firing of the leva for the fourth tube was carried out 
in an atasosphere of hydrogen. Its color after firing was 
dark grey with a black granular appearance at various 
places on the surface. This aroused suspicion in view of 
the fact that the fired mteriel was supposed to have a 
pink color. Its electrical resistance was found to low 
for the eaterial (in the hundreds of aegohas). When the 
greatest pert of the black material was removed, an in- 
pro voftent in the electrical resistance was observed. A 
further inprovenont was observed when it wee heated over- 
night in a dessicator. It \«as concluded then that the 
particular sanple of lava which was being used contained 
aetallio oxide Ispuritles which were reduced by the hydro- 
gen firing leaving the fired Material coated with a thin 
layer of metals end leaving a certain amount of water 
trapped in the material Just under the surface. Firing 
pieces from the sane sample in o^^gen did not involve any 
of these difficulties. On the other hand, oxygen firing 
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Is <llsttdvantKg«»ou8 baoauas a Xongor tlse Is required for 
subsequent o\itf;&n&ln& of the satarlal. 

Ths base flange was turned froai cold-rolled steel 
and drilled for the electrode eyelet seals, the vacuum 
connection and the shell holding-down screws os indicated 
on rwg. B-1025-S* A length of copper tubing w«o hard 
soldered to the base flange for cooling purposes daring 
heat treating, ^he threaded collar illustrated in rwg. 
B-1025-X, pc. (1), was hard soldered to the bottom of the 
base flange as indicated in the aasembly drawing D-1025-A 
to aerv© as e csountin^; for a shielded coxmeetlon to the 
preamplifier. The vacuum conneotlon shown In detail on 
I>wg. A-1025-y was hard-soldered to the base flange in the 
position indicated on Ewg. n-i025-A. The base fiengo as- 
sembly together with the components of the uadorbody and 
the shell assembly, rwgs, B-1025-G, C-i025-r, B-1025-0* 
B-1025-P, C-1025-Q, and C-1025-R, were nickel plated. 

Those parts which were made from steel were given a one 
fail copper plating followed by a one to two «il nickel 
plating. Other i>e.rta were given a one ail plating directly. 

The eyelet asseribiiss Illustrated in Iwis. C-1025-1, 
C-1025-J, and C-1025-K, were stade by the Nuclear Science 
and Engineering Glass Blowing Shop. These lead-ins were 
bent into the shapes indicated on I>wg. S-1025- . Tiiey 
wore then soldered in place In the base flange the 
following procedure. 
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The eyelet eeeesbliea were first oleene^ by being 
brought to a boil In inhibited hydrochloric «oid and than 
buffed on a brass wire wheel. They were carefully heated 
over a bunsen fla»e until solder could be applied. Boil- 
ing hydjrochlorio acid wag applied after they had cooled 
soaewhat. Hepeated applications of solder and acid in this 
feshion eventually produced a unifor» tinning over the ex- 
posed surfaces of the kovar eyelets. 

The plated bsise flange with underbody assembled was 
also tinned in the vicinity of the eyelet holes. Tlie eye- 
let assenblios were inserted in the appropriate holes as 
indicated on Cwg. D-1025-V with washers of soft solder 
placed uzidemeath and above each eyelet flange. The eyelets 
were held in place by suspending weiglits fro* the lower ends 
of the kovar lead-in wires. Acid flux was applied end the 
eoapleto assor*bly was placed in an electric furnace. The 
teaperuture was slowly raised to the flowing point of the 
soft solder (lfi8®C). tilth the help of tweezers the lead-in 
wires wore twisted into place to insure a good seating of 
the eyelets on the base flange. Following this, the fur- 
nace was left to cool to roc* temperature. 

The soldered assembly was cleaned in boiling water. 
Three changes of water were used. 

The procedure outlined above proved to be moderately 
vacuum tight. That is, with a two-stage diffusion pump a 
pressure of 10*^ mm. Hg. was obtained. When e small amount 
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of glytol waa applied on th« outside of the tube In the 
violhitjr of the seels, over the glass and solder, a pres- 
sure of about 10**^ Kc« 14s* obtained. Strain cracks, 
however, were observnd in the glass. It wue found in one 
instance that the electrical resistance across the glass 
seal was as low as 30 segohms oot&]pared to reslstanoee of 
200 to 1000 saegohias across the seals which were not ob- 
served to have cracke. It was felt tliat these cx^cks 
originated during the tinning process. Atteapto to obtain 
a tightly soldered seal between the kovar and the nickel 
plating when only the base flange was tinned were not suc- 
ooasful. Copper plating of the kovar eyelets was found to 
£take the tinning easier, but strain cracks developed never- 
theless. The importance of obtaining e good vacuum without 
the use of substances likely to contfiielnate the surfaces, 
and of avoiding leakage currents through cracks in the seals, 
deiaanded that a better glass seal be obtained. At the sug- 
gestion of Dr. I. A. Getting of the Massachusetts Institute 
of Technology, the glass blower was requested to furnish a 
new set of glass seals, constructed as shown In Fig. 4* 

'iTiese possessed the advantage, when mounted in enlarged 
holes, of peitjitting a differential expansion between the 
eyelet flange and the glass without applying a strain 
directly to the glass. These eyelet scale wore also super- 
ior in workManship to those previously obtained. Hone of 
them developed strain cracks due to the tinning or solder- 
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' tho soldering of the seals described above was per- 
f 02 !aed ly Pr. Catting. Two bunsen burners were played 
upon the base flange until it wan heated to the melting 
point of solder. Thereafter the tinned eyelets were 
dropped in one at a tine. The area in the immediate 
vicinity of the eyelet just inserted was heated with a 
Inmsen burner as soldering acid was applied. By puddling 
the solder in contact with the kovar it was made to wet 
the flange evenly. After the second attoapt, using this 
procedure, all seals were found to be vacuua-tight . 

Connections between the exterior ends of the kovar 
lead-ins and the voltage divider were made by or imping 
onto the lead<»ins snail nickel sleeves to which leads of 
70 Bdl solder wire had previously been fused. Solder was 
used because a large diameter of wire was needed to guard 
against corona. It was considered unwise to try to join 
a heavy rod of any stronger oaterial to the glass ^supported 
lead-in wires for fear of doing dasago to the seals. 

After all electrical connections had been isade, the 
voltage divider and the underside of the base flange were 
potted with white ceresin wax as a further protection 
against corona and surface leakage. This done by 
melting the ceresin and bringing it to a temperature of 
about 100®c. fust before pouring, tli© area to be covered 
with ceresin was heated with a heir drier, in order to 
evaporate water and improve the surface contact with the 
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oerdeln. A.ftor pouring the the coapletely assesibled 

tube b«B« was left to stand for ten hours to permit e 
thorough hardening of the interior of the oeresln. 
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With the Alien tube certain procedures isaist be fol- 
lowed In obtaining and maintaining operation of the tube. 
The necessary conditions and activities will be described 
under the heading of ^Processing**. 

The chronological stops In the processing are listed 
below: 

1. Clean all parts of the tubo. 

2. Vacuum test the assumbled tube shell and 

^ base plates. 

3. Keat treat the dynodes. 

/ 

4. Assemble the electrode structure and spot- 
wold Internal leads to the mounted elec- 
trodes. This step should not require more 
than one hour exposure to air. 

3. Heplaoe the metal tube shell, mount the en- 
tire structure on the vacuum system and pump 
It down. Low pressure Is maintained through- 
out the operating life of the tubo with the 
possible exception of brief exposures to at- 
mospheric pressure when changing windows. 
Generally the fore pump Is left running at 
all times and the diffusion pump* used for 
an hour prior to and during operation. 

** For capaoltias and data on pumps, see Appendix E. 
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The specif lo rcQuireaents of j)j*ooe8siui; will bo ^Sis- 
cuBsod in {aore dotctil in the following paragraphs. 

Preesure Requlreaeat: 

The Allen tube siay not bo oporntod or Kointeined 
aotivo unless the dynodes are in a low pressure nediun. 

The lowest pressure required being tlmt for actual opera- 
tion of the tube, this deaand will be discussed first. It 
is obvious that the electrons traversing the space fro« 
dynode to dynode mist have e nean free path which consid- 
erably exceeds the inter-dynode distance. If this condi- 
tion wore not achieved, the electrons Incident on a 
nultiplying surface could lose so Kuoh energy in inelastic 
impacts that they would be unable to produce the required 
number of secondary electrons. Further, the ions foiTaed 
in the tube vrould be compare bio in number to the electrons. 
Such ions might migrate to the surface cliarge on the in- 
sulator or they might acquire conoidorabl© velocity and 
strike a dynode. Either action could reeult in the pro- 
duction of mltiple pulses. 

The exact computation of electron paths and velocities 
cannot bo undertaken aince the oqulpotontial surfaces can- 
not b© defined mttthoaaticslly. However, a brief qualita- 
tive study of the electrode configuration indicates a 
probable |)ath length of about 2 cm. per dynode. If uniform 
acceleration along this imth is assunod and an inter-dynodo 
voltage of 400 volts is specified, tho average velocity of 
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tii«, electron along tbo path ie the setae a» that of an 
electron which h&s been accelerated through 100 volts 
(haJlf of the final velocity bein^t equivalent to a fourth 



of the final energy ) . 


The table below given 


the necessary 


data for the computation of ion pairs formed 
given conditions. 


under the 


Klectron energj’’ 


Pressure, *®i Hg Ko. 


of ion pairs 




per meter 


100 eV 


10"^ 


0.09 


100 eV 


10"^ 


0.009 


100 eV 


10-6 


0.0009 


100 oV 


o 

1 


0.00009 



If the multiplier tube has an overall gain of one million, 
the multiplication at each of the twelve active surfaces 
is 3 •16* Hence, for each million electrons which traverse 
the final 2 cm. path, one-third of this number travel the 
next to the last path, one-ninth of a million travel the 
second from the last path, eto. For a single electron at 
dynode 1 or 2, the total number of 2 on. paths la then; 

1,000,000 +300,000 f 100,000 +30,000 +10, 000... a 1,450,000 
!linoe a high energy particle nay produce four electrons at 
dynodes 1 or 2, the total path length per pulae is; 

4 X 1,450,000 X .02 X 10*^ a 116 kiloneters. 

With this total path per pulae and the figures on ion pairs 
produced, the number of ions per pulse is computed as: 
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Pr«iisur« III tm I{g Ion pairs per pulse 



1 

o 


10,440 


10'5 


1,044 


lO"* 


104.4 


1 

o 


10.4 



It is seen that at 10*^ mex of lif, the nuabor of Ions per 
electron is very eiaall end this pressure is thus considered 
to be a ttorkable operating pressure. It ia here worth 
noting that all but lOjS of the ions are produced in the 
vicinity of dynodea 12, 13 , end 14. If these ions nigrate 
to the nearest negative dynode they will clear the area 
in about 10"*^ seconds. However, should they migrate to 
dynodes 1, 2, 3» or 4, they v/lll arrive there in about 10"^ 
seconds and have sufficient energy to produce secondary 
emission. This latter occurrence must have a very smll 
probability. Otborwisa the tube would produce e continuous 
current . 

In order to maintain the activity of the multiplying 
surfaces the pressure within the tube should be kept as 
low as is practicable. With the fora pump operating con- 
tinuously, a pressure of 10“^ mm of Hg should be available. 
With the pump capacities used In this investigation, the 
tube pressure could be reduced to 10**^ am of Hg about one 
hour after starting the diffusion pump. After a second, 
hour the pressure could be expected to drop to 4 or 5 * 

10*^ mn of Hg. Operation can be started when the pressure 
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drops to 2 X 10 . At higher pressures there seeae to be 

an internal disoharge starting when the voltage of flynodes 
1 and 2 is about, 5000 volts. 

Heat Treatment: 

The precise aechanism of secondary emission is not 
known primarily because the arrangement of metallic atoms, 
gasses, and impurities at the multiplying surfaces cannot 
be determined. Consersuently, the operations for treating 
a multiplier surface ere usually arrived at empirically. 

Dr. Alienas yesrs of experience with beryllium surfaces 
resulted in the following treatment for annealed beryllium 
copper^^^ whose beryllium content is nominally 2?6 by weight. 

**The cleaning procedure consists in polishing 
the electrodes either with fine abrasive paper 
or a )^all felt polishing wheel. After the 
polishing operation, the electrodes are cleaned 
with C Cl^. 

**We assemble the complete electrode structure 
and place it in a glass tube which is then evacu-> 
ated. The electrodes are heated by aeano of an 
H.F. coll placed around the glass tube. The tem- 
perature of the electrodes is about 600 to 700°C 
(a dull rad) and the treatment time about ten 
Xiiinutes. After the heat treatment the electrode 
system may be removed from the tube and mounted 
in the aetal multiplier nhell.” 
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In tiila investigation %ko Ketliofia of h»at trostment 
wars attempted. The first to be tried «?&s used on two 
saseisblod tubes, the second of which was heat treated 
twice. This first method was an ottcapt to heat tho 
dynodes after the entire structure had been aas»52;bled 
and emplaced in the tube. The »etal cover was replaced 
by a glass bell jar which was seated on an auxiliary 
flange. Tiiis systea was then puaped down and the in- 
ternal structure heated with cn K.F. coil. After an 
hour of outgasslng at incipient rod heat, tho tepipera- 
ture of the dynodes could bo raised slowly to about 600°C 
and the heat treatment started. Because of tho attenua- 
tion of the H.F. field by the steel base plate, only four 
dynodes could be heated at ii tiae. Tho process was there- 
fore completed in steps. Typically, dynodes 13, 12, 11 
and 10 were heated siRultaneously; then, 9» S, 7 and 6 
were heated; then 6, 5, 4 and 3; and finally 1 and 2. 

Note that there is an overlap on dyaode 6. Actually, 
tho four dynodes adjacent to those being heated were ob- 
sfinrad to be at incipient red heat end the actual overlap 
of the treatKont i® more than that indicated above. The 
heating of dynodee 1 and 2 sejNirately is necessary because 
2 shields 1 from the R.F. field unless the heating coil is 
canted about thirty degrees. Klckel shields* were resoved 
during this heetii^ process since they tended to form © 
closed loop around the top four dynodes. 

* See Appendix F. 
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Th« second aethod of hoot tresteent wao used on tJbs 
third' and final tubs* In this nsthod, the dynodes ware 
heated before asssnbly in the Insulator plates* The 
treatssent consists of bukine all of the dy nodes siEiul- 
taneously in a quartz tube in a streae of i^drogen at 
atatospherio pressure* The heat is supplied by an external 
ooaxiel filament* Control of heat was obtained by supply- 
ing the filament from a variac. Temperature was measured 
directly with a thermocouple* This procedure permitted ac- 
curate control of both the temperature and the heating time* 
Excellent results wore obtained when the dynodes were 
heated for 10 minutes at 650^0. 

Some discussion of the advantages and disadvantages 
of the two heat treatments described seems In order* The 
first method more closely approximates the Allen treatment 
since the heating is done in a vacuum* It lias the follow- 
ing advantages s 

1* The structure is all assembled except for the 
shields and the exposure to air when mounting 
shields and repleolne the bell jar by the 
metal shell is kept to a minimum* About twenty 
minutes* exposure is necessary. 

2* Hie heat treataont could be repeated by merely 
renovin^c the nickel htiields and repleioing the 
metal shell by the bell jar and auxiliary flange* 

3* The dy nodes are not touched or handled after 
the treatment* 
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The disaSvantagoe are numerous and will be listed as 



briefly as possible. They are: 

1. Purine the outgeseing and heating, the bcso 
plate, bell jar, insulator plates, and the 
flange and gaskets are warmed to about 60 
to 100®C and there results some contadna- 
tion of the dynodee by foreign substances 
Yfhich boil out at these teaporatures. 

2. The ineulator plates become slightly coated 
with evaporated cetal and the reoletance 
between dynodes falls to the range 50 to 

250 megohms. The more prolonged the heating, 
the lower the resistance becomes, 

3 . The heating is not uniform, nor Is the tlmo 
of heating subject to close control. Further, 
there is no precise way to measure the dynode 
temperature since the ordinary optical pyro- 
meter does not. operate at 600°C. 

4. The use of an H,F, heater requires that the 
tube and its vacuim system or the H.F, heater 
be moved. This is Inconvenient and time con- 
suming, The shortest treatment achieved with 
this system took one working day. 

5 . filaco oontaninatjon occurs, the advantage of 
reheating the dynodes Is lost. It was ob- 
served during the second heating of the second 
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tube that the dynode color when cold ohan^?ed 
very considerably. At the eano ti»o, the re- 
sistance of the Insulator plates between 
dynodos decreased by about half. 

The advantages of the second heat treataent employed arc 
as follows: 

1. Control of temperature and heating time Is 
possible. 

2. Contaiainatlon is reduced to a alnimua because 
of the action of the hydrogen and because no 
parts of the tube other then the dynodes are 
heated . 

3 . The equipnent required is relatively simple 
end the vacuum system is not involved in the 
heating. This latter factor is Important in 
preventing contamination of the diffusion pump 
oil. 

4 . The entire process requires about one and one- 
half hours as compared to one day for the other 
treatment. 

The disadvantages of the second method are: 

1. The treatment ccJinot be readily repeated since 
the entire electrode structure must be removed 
and disassembled in order to reheat the dynodes. 

2. The length of tliae In which the dynodes are 
exposed to air after the treatment is longer 
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than th« «xposur« with the first method. 

3. The dynodes auat be handled after treat- 
ment. This Introduces a pi*obability of 
contamination. 

The results obtained with a tube heat-treated by tha 
second method were far better than any obtained from 
tube* treated by the first method. The lon«or air ex- 
posure and the probability of contamination by handling 
of dynodeo do not appear to detract from the ultimate 
performance. However, some Improvement of the first 
method is possible. For example, the boae plate end 
auxiliary flange can be heated during the vacuum test 
of the components. If this is continued long 

enough, the pressure In the system approaches a low 
stable value, indicating that the base plate end auxiliary 
flange are outgassed and that contaminating substances 
have probably been removed. An experl:aient was conducted 
on the base plate and auxiliary flange in which they 
were heated to about lOO^C by passing steam through the 
cooling colls. After 12 hours of heating, the pressure 
in the syst<tei reached a stable value. Meanwhile, the 
upper surface of the bell J&r had been cooled with ice 
and a yellow, greaselike residue collected thereon. This 
residue Is believed to be mainly composed of Octoil from 
the diffusion pump. The yellow color is attributable to 
contottination of the oil by the impurities removed from 



fi^f 



thtt' liaae pie to and If, as lr> suspected, the 

bsso plate end flange are the principal sources of con- 
tiiiiiination, the process described abovo would elstost 
certainly isxprove the resulto obtained when heat treat- 
ing hy the first method, Hoviever, unless tesaperature 
and tiae of heating can be better controlled in the first 
method, results coispareble to those obtained with the 
hydrogen heating cannot be expected. Conso(>uontly, the 
second Method is reconmended. 
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Conolualons and Reoonaenfiattoaa R«latlnjg to the Construe- 
tioft" and' iWoessiniB; of tHe Construction Phase l 

In tli0 course of this work three tubes were completed, 
of which only one, the third, proved successful as a per- 
ticl® detector* The reasons for the failure of the other 
two, while not completely known, can nevertheless bo sur- 
aieod from piecemeal data obtained in studying various 
aspects of the problem. Generally, they reduce to these: 

(1) The presence of spurious signals resulting 
from leakage obscured whatever particle re- 
sponse there may have been* 

(2) Contamination of the active surfaces reduced 
their efficiency. 

(3) Failure to achieve optimum heat-treating con- 
ditions resulted in low electron multiplica- 
tion. 

(4) Insufficiently high vacuum may have given 
rise to excessively high ion currents in 
the tubes* 

The Hatter of contamination and heat treatment has 
been well suisuaarized in the preceding section. Now 
measures affectin{' the conotruction of the tube vriiich 
were found necessary to produce a satisfactory detector 
will be reviewed, 

(1) The design of the glass seals on the lead-in 
wires must be such that there is at least a 

















i«%l 







f 



0 






slightly elftstic conneotion between the solder 
joint and the area of the gla8S-to-»©tel seal. 

If this is not provided In the design, the glass 
is strained during the cooling of the base 
flenge after the soldering. Cracks in the 
glass and porous solder joints are likely. If 
a crack in the glass should develop, the best 
thing to do, of course. Is to replace the eyelet 
seal with a new one. If this should prove ia- 
posslble to do, the next best thing to try Is 
to coat the region with n wax having suitable 
resistance and vapor pressure as well as seal- 
ing properties. Avoid using solvents in the 
vicinity of the crack for they were observed to 
carry nor© dirt into cracks than they ever re- 
isoved . 

(2) The bunsen burner method of soldering the eyelet 
seals in place, if skillfully carried out. Is 
superior to the oven method for two reasons. 

The pudding and judicious application of flux 
in regions where the solder does not flow 
readily appears to be very neoessery for & 
vacuum tight joint. Moreover, when this method 
is used, sumll crevices which appeal' as the 
solder sets and contracts siay be individually 
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attended to. Some of the elenent of chenot Its 
resaoved . 

(3) The liydro|?.eii firing of Craflo A Lavitc io not 

raocisuended on the Ixaals of the oxporienco cited 
previously. 

ik) Oojne difficulty was encountered in spot-weldiag 
electrical connections to the nlohroae support 
wires. A substitute material for these wires 
should be sought. In connection with this, a 
tweezer spot weldor is an essential tool for 
rapid assembling of the tube after boat treating 
it. Soft-soldoring electrical connections to 
kovar is not recommended if it can be avoided. 
Where it is necessary, a very hot iron and acid 
fluz are reoosimended. Scraping the oxide from 
the surface as tlie kovar is heated helps in tin- 
ning. A tin plating on the kovar eyelet is worth 
trying. 

(5) The exterior dynofie connections should be cade 
using smooth sleeves and large diameter wire 
everywhere. This applies to the construction 
of the voltage divider as well. The entire high 
voltage system sliould then be potted as a fur- 
ther meons of suppressing corona and leakage 
disturbances. The use of gyltol in contact with 
the high voltage leads is viewed with suspicion. 
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Concluslona «,n<* " i^c om .» nd a ti orjs < Part Processing Phase 



After aisemhlln; , proceaoini^, and testing three tuhea 
certain facta hecoiae eeir-evident arid other sattera are sus- 
pected of feeing Inportant. The benefit of such experience 
ao waa obtained in this part of the InveBtigatlon la ptven 
In the ccjment below: 

1. the cleaninc of all aurfucos which will ultiiaately be 
within the asultlpller tube shell Is a most Important 
factor in obtalnlnf, tlie desired multiplication* Hie 
contamination of dynodea which was observed in the 
first two aesembllea tended to correlate with the 
measured multiplication, "iiat is to s&y, the more 
conteasi nation observed, the leas the jsultipllcatlon. 

In the final tube aesetahled, the dynodes were scoured 
with four abrasive papers of graduated fineness and 
t>ie scoured dynodes were then dipped in various clean 
solvents and finally cleaned electrolytically . After 
heat treating these dynodes were handled with tweasere. 
It la quite probafcla that the Improvemont noted in mul- 
tiplication of this set of dynodes is at least x artly 
the result of this cleaning process. 

2. Hi# heat treatment of dynodea In hydroj-'en appears to 
produce excellent renults. ”he disadvantages of this 
method have been prcvlouely discussed end It 1« here 
r«co®r' «:v5«d tiiat the following studies be conducted 
by anyone interssteil in producing this type of tube: 

(a) fosirn the electrode supporting structure and the 
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«lffCti*iciil conncctlona to tile eleotrodeo In ouoh fi 
' stiimier thmt thesr R«y be aore rapidly aaeeffbled and 
80 that they rmy fc« readily tlleaaseistl ed for tub- 
aequent heat treateent*. (b) Cbaerire and identify 
the reaidue left in the quartz tuba durinfj the firing. 

If this residue could be elliolRatedi, the asac-Kibled 
electrode structure could be heated aa a unit and 
considerable tljce and danger of contaial nation elimin- 
ated frcei the procesa. (c) A study of the resultent 
iKultl plication aa a function of teroperatura and time 
of heat troatraant should be riade. 

A «odifleatlon of the original doelgn is suggested 
which Is intended as a guide to so»e possible future 
work In this field* a sketch of the revised structure 
Is shown in figure f. lh® intention of thle modifi- 
cation Is to elininato four of the principle probleiss 
encountered witii the design used In thle Investigation. 
Those four problems are: 

1. Difficulty of aseembly end dieasaembly of 
the alectrode atructurc. 

8. rlfficiilty of sealing in fourteen glass to 
kovar eyelets witliout bavins, strain cracks 
or vacuum leaks* 

5. Flimlnotlon of corona. 

4. Difficulty in heat treating and handlinf the 
treated dynode* and the reduction of th® ex- 
posure of these dynodes to air after fcreatKsent. 
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'Tio sketch of figure 6 shows the electrode etructure, 
hip’h vcltege loed, and half of tlio voltage divider 
laounted on the baso plate* 'Itio sin^^le high voltage 
lead bocoKes & flat rigid strap In the tube Interior. 
'Ihls strap serves as a top support to the resistors 
of the voltage divider and durther is a negative 
shield which tends to collinate the electron beam 
and reasove Ions from tiie active area. Ihe use of 
such a device would eliminate the necessity cf in- 
sulator plates and the consequent probable troubles 
with surface charge on these plates. ?h« resistors 
of the voltage divider can be obtained by extruding 
titanium dioxide in rods of about one inch outer 
diameter having a small central hole* the ends of 
these resistors are raetellixed to afford contacting 
surfaces, ti^cse resistors are fired In oxygen to 
control the resistivity. In the slse shown, the i»e- 
alstance per unit could be alsaost any value less than 
1000 megohrsa. If the resistors ware aged in a vacu\iaa 
the ultifsate reslstence should be quite constant.* 

'The dynedes cf this modification would have the same 
form as those used in this Investigation. However, 
on the back of each dynode a raetal strap Is spot 
welded and the strap is bent In such m. manner that 

Prof, 'u C. nreckenridge. Insulation (♦esearch Labora- 
tories, was consulted on the practicability of 

titaniisa dioxide resistors of this else ami forsi. '*tj« 
data on realators given above represent his opinions. 



the surfaces away from the dynof* are horizontal 
^en the dynod© is held In the correct position for 
a tube with a vertical axle* The end of this strap 
away frc» the dynode ehould have a scsvlclrcular form 
to conforsj to tlie aht^pe of tJje rceictci's. in the cen- 
ter of the semi -circle a cwill domel pin or tiipered 
plug: ihculd be attached so tliat the pin or plug fite 
Into the sjrjfill hole in the Interior of the resistors. 
This arrangcTsent lock* the strap and the dynode in 
position. The bracket and screw shown Kounted on 
the hi£.h volta|;e strap serve to support and cociprees 
the resistor column end t) ua lock it into place. 

Any attempt to £0 into further detail would be futile 
without s'^klng the ccssplete design. 

The re-design proposed above eolvee the four 
problems mentioned in the follcwing ways. Assersbly 
and disassembly are acccmpl Ished by stacking or un- 
a tacking rosietora and dynodes. The only locking 
piece la t^e top ecrew. There ar© no spot welded 
connectioris . '^here are but two glass to aetal seals 
to consider. Tl’ieir placcicsnt end size are not as 
critical ae In the previous tubes. The single high 
voltage lead can be of large dlaejctcr, and this plus 
th® siiBpliclty of the system should ellalnate corona. 

ith tMa design, the time between heat treatment aM 
final aasemfoly of th© tube can bo reduced to 3 cr 4 
minutes, nxrthemore, subsequent treatments will re- 
quire a mlnlKituK of effort; and tisie olnc© there era no 
wires to clip or spot wo Ida to mke. 



PAKT II 



TE£TIf^:i TdE MULTIPLIER PmCTOR 

Dlraot l.\iltlplioatlon ^Teasureaents 

The processing of the Allen tube should result in an 
electron icultiplicatlon of about 4 per dynode. Since 
there are 12 stages of ciultlplloation, this givec an over- 
all gain of 17,000,000. Such gain cannot be aoasured 
directly bocauso It is not posoibi© to oorapare the normal 
input to the output. Kov/«ver, it is posaibl© to aeasuro 
the multiplication per dynodo for amny of tho dynodos and 
thus check the results of th© processing. This aultipli- 
cation neasureaent is mde by using a aercury arc to start 
photo emission at dynodes 1 or 2. Pireot current of suffi- 
cient swignitudc to permit occureto measurement with a 
sensitive galvanometer is then obtained at many of the 
higher numbered dynodea. The ratio of current aoasured 
at cdiacont dynodea is directly related to tho average 
multiplication of one of thetse dynodos. If, for instance, 
the electron current leaving dynode 9 via space toward 
dyiiode 10 is measured, and then the electron current leav- 
ing 10 for 11 via space is measured, the ratio of th© latter 
current to tho former is the multiplication at dynod© 10. 

Tho fact that euch ratios are seldom Integral numbers in- 
dicates that the averiige multiplication is measured. The 
circuit diagramed in Figure 6 is that used to men sure tho 
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ol*ctron current leaving Jynofio 10 for flynode 11. Note 
that dynodes of higher number then 11 are also used to 
collect this current. Thio is necessary'’ because the 
eleotrons incident at 11 nay cause secondary emission. 

In some instances it »ay be well to elevate the voltage 
at ell the ooilecting electrodes to prevent soao eleo* 
trons from migrating to the grounded aotal shield. For 
the currents and voltages actually used» this corrective 
siousure did not change the current observably. Listed 
below ero some typical sieciourcKents made using the method 



just described! 
rynode 


Current 


Ii^ultlpllcation 


14 


64*7 microamperes 


0 


13 


39.0 


ft 


1.66 


12 


17.5 


It 


2.23 


11 


7.8 


tf 


2.25 


10 


3.47 


ft 


2.71 


9 


1.28 


n 


2.725 


8 


0.49 


If 


2.60 


7 


0.157 


ft 


3.13 


6 


0.05 


ft 


3.13 


5 


0.016 


ft 


3.11 



A second method of ticasurlng the mltiplioation in 
which the current laeanured is eonewhat larger is shown 
in Figure 7* With this circuit a net current at the dynode 
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connected to the shunt and gaXvenoneter Is neesured. 

This net current is coitposed of the electiron current flow- 
ing into the dynode and the electron current flowing away 
froa the dynodo. Since these two currents would flow 
through the galvanometer in opposite directions, and since 
the electron current flowing away fio» a dynode is larger 
than that flowing into it by the aultiplioation of the 
dynodo, this net current will be larger than that neasured 
by the piHsvious nethod by a factor of the cult Ipilcst ion 
sinus one* Sone aulti plications computed fron the second 
aethod directly by ratios and those indicated by compari- 
son of current aeasurod by both method s are given in tho 



following 

ryaod# 


lint. 

Net Current 


Multiplication 

(ratio) 


Multiplication 

(indicated) 


13 


40 




2.02 


12 


23.8 


1.39 


2.64 


11 


14.1 


2.04 


2.81 


10 


6.3 


2.24 


2.81 


9 


3.05 


2.06 


2.38 


e 


1.18 


2.58 ' 


3.40 


7 


0.49 


2.4 


3.97 


6 


0.178 


2.75 


3.74 


5 


0.062 


2.87 


3.69 



The results llnted here and prevlouoly were taken on the 
same tube under conditions which were identical except 
for tho measuring circuit used. It Is thus pertinent to 
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try to explain the disparity in the reoults. The roost 
probable source of error in any of the neasiirmients is 
leakage betKCfsn dynodcs, sosse of which will pass through 
the meaQurlng circuit. If the leakage Is considered to 
be constant at all »easurlns positions, the nethod of 
neasurement which Indicates the least sailtiplioation must 
be the ciothod which also has the larger percentftge of 
leakage since the ratio is used in neasureaftent* Hence, 
the second method evidently causes tiie measurement of 
Rore leakage than the first method. If this is so, the 
currents xaoasured in the second method ere too large. 
Consequently, the ^indicatod” multiplication Is too large 
by the amount of the ratio of leakage in the second method 
to total current in the first method providing there is no 
leakage by the first method. However, this cannot be 
aafely assumed. It can be shown that if the leakage re- 
mains a constant for a given method of aeasureinent, 

M - (M^ 4. 1) - 

where M is tho true isultlplioatioa and M2, and are 
the ml tipi Icet ions by method one, by method two, and the 
indicated multiplication reapectively. Honca, it Is in- 
dicated that the true multiplication in the exuiaples given 
ill invariably lea* then the indicated multiplication since 
is always greater than Mg. The corrected figures ara 
given below. 
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Correoted Mult 



rynod 0 
13 
12 
11 
10 

9 

6 

7 

6 

5 



2.04 

2.71 

2.61 

2.06 

3.39 

3.66 

3.60 

3.61 



The results listed here see» to indicate that leakage Is 
not a constant and that the result# fro» n&ethod 1 are 
probably consistently on the conservative side. With the 
exception of dynoden 9 hnd 12 the results tend to the 
trend shown in the results obtained with aethod 1. It 
would be well to mention here that the leakage referred to 
Is not the current which would be measured with voltage on 
the appropriate dynodes end with no source of electron* at 
dynodes 1 and 2. This current has already been eliminated 
from the measurcaients. The only indication that some form 
of leakage doeo exist ia the diacrepanoy in the neasur©- 
aento by the different aethods. 

In the last tube aesecibled, the voltage divider and 
exteiTial lead-in wire# were potted and it vwi® not possible 
to make direct measurement of the amitl plication. For- 
tumitely, the output pulses obtained with alpha particles 
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incident on dynodca 1 end 2 were cufficiontly l«rgo bo 
that u sieusurement of their asagnitude was poseiblo at 
the output cf the pre-ataplifior. Wlieii puloos wore so ob- 
eervecl and their meaitudoe anelyxed by the discriminator 
levels of ii oenvontionai scaler, it was detemined tiiet 
maxiiaun observed jHilacn were 4.*> volts and the aainisiusi ob- 
sarved pulses were 3*0 volts. By other Siocnureiaents it 
was determluod that the ratio of ciaxlicusi to minlioum ampli- 
tudes should bo in the vicinity of three. Hence, it vwia 
apparent that the pre-amplifier ?/ns blocking. The block- 
ing voltage agreed vdth computed limitations of this am- 
plifier. Hence, it was estieuited that the true eaximua 
output pulses would have been 9 volts with the amplifier 
in the linear range. The gain of the pre-amplifier 
measured with 10 second pulses was determined to bo 20. 
Consoquontly, the maximum output pulses at the collector 
electrode must have been 0.45 volts end the minimum pulseo 
0.15 volts. Since the total capacity of the collector 
electrode and the input stage of the amplifier is 18 uu fd, 
the mxifiuffi gain in temas of electrons per alpha particle 



Is 



CV/e r 



18 X 10 X 0.45 7 

— s 5.05 X lo' 

1,6 X 10‘^9 



Thus the asxlauia overall gain ie of the order of 
fifty million for alpha particles. The miniraum gain is 
about 17 million and this gain should be associated with 
the emiseion of one or two electrons per alpha particle 
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at ilynoa# 2, BubseCiUeiit cieasureeicnt on jtajBtaa rsidiatlon 
inaioetes ttiat the a&inlr.um alpha gain Is to be associated 
with sinijlc electron cclasion uuleoc It caa be shown that 
the maxlaun pulses froK gastaa ray* result froa electron 
pair eaiesion. 

Vr'hen multiplication per dynode is conputed froia the 
abore figures it Is found to be 4 if single eiectrone per 
alpha particle are ealtteft, and 3*76 if tv»o electrons per 
alpha particle are eaittofl. Thue the Kultipllcatlou per 
dynode is Icnovm to within 65^ even though the overall gain 
is knoYm only in order of xiagnttude. 
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Circuitry for TeetloK th<? Allwn Tube a P»trtlel» Teteotor 



Aaong the measureeaents which it wes desired to caictt us» 
ing the Allen tube a* a partlolo detector were the following: 

{!) A fieasarenent of tho background counting rate 
in the ebsonoe of e particle eouroe* 

(2) A determination of the ororall gain of the 
Kuitiplier-detector from e swaoureaent of 
the average pulse »ize at the output of the 
detector when a aoux*oe of alpha-particle of 
fairly homogeneous energies is brought to ths 
detector window. 

(3) A determination of the statistical variation 
in amplitude of the output pulses resulting 
from the detection of like particles. 

ik) An approximate eatiaate of counting efficiency 
based on counts obtained from available cali- 
brated sources. 

In order to perform the above measurements It vies 
necessary to have a maltoble amplifier, dlsorlminetor, 
scaler, and mechanical counter. A description of the 
measuretaents will be deferred until the features of tho 
electronic ecjulpment used have been discussed. 

The Amplifier 

The anpXlfler used was designed and built opcoially 
for this application as an incidental project in the thesis. 
Its design involved the following considerations: 
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1. Upper Cutoff Freciuency. 

It was easily proven that the iiiait of pulse resolu- 
tion would be in the enplifier rather then in the electron 
multiplier if conventional enplifier design was used. In 
Appendix A, the collector electrode of the multiplier was 
shown to charge througti 80^ of its response to a particle 
detection in s period of 6 x 10“^® seconds. In Appendix 0, 
on the other hand, a oonventioiml voltage amplifier was 
shown to have a limited gain, if it was to preserve the 
rise time of an input pulse, given by 




where 

0 is the mxicaim gain available, 
gm is the amplifier tube transoonduotance. 

C is the capacitance shunting the output of 
the tube. 

S is the rise time of the pulse. 

When values typical of a 6AK5 were substituted in the above 
foriaula along with a rise time of 6 x 10*^® seconds, the 
Maximum gain available me found to be lass than unity. The 
limiting factor in pulse resolution was themfore seen to be 
the amplifier rather than the multiplier. 

A more severe limitation of resolving time than would be 
presented by a fast amplifier, however, was that introduced 
by a scaling circuit. The fastest of these which was avail- 
able oosi%crcially possessed a resolving time of 10**^ aeoonds, 
a hundred times that of the multiplier. While the development 
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of oleotronic Oisvioes capabin of utllisloff the very short 
resolving tlae of the aultlpller was consitfiore<3 very worth- 
while, it w«s also oonsiderort far too fonalfieble an under- 
taking to be attempted as an Incidental project to this 
thesis. 

Accordingly, the resolving tlae of the scalar (10**^ 
seconds) was acceptsd as the overall lisiit and the anplifier 
was designed with this in mind. An upper cutoff frequency 
of about 10 megacycles per second was chosen ns a design 
figure. In Appendix H, the optimum galn-per-etago for wide 
bandwidth was shown to be near 1.65 • It was observed, how- 
ever, that an overall gain of 10^ could be achieved with a 
bandwidth of 11 aegaoycles per second by using a gain-per- 
stag# of 5 and employing four-terRilnul network coupling 
between stages. 

2. Lower Cutoff Frequency. 

In view of the very sharp nature of tha pulses to be 
amplified, it was felt that the lower cutoff frequency of 
the amplifier could be made quite high, A high lower cutoff 
frequency was desired, moreover, as insurance against low 
frequency pickup, lalcrophonlcs and uotorboating. Accordingly, 
an analysis of the effect of low frequency cutoff tma made 
to determine Just how high it could be made end still pre- 
serve the discrete character of a pulse. 

The analysis, presented in Appendix C, suggested e point 
of view which elucidated the problem. This point of view 
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will now b« tfiflcuaoed. A single pul«e wiiicb has been passed 
by » circuit which has both an upper and a l0Y/«r cutoff 
frequency will have a waveform which is the result of the 
coherence, at the instant of the pulse, of all the frequency 
comi>onentB of the pulse which are passed by the circuit, ^y 
the tern coherence is meant tho ox'dered phase relationship 
among the coaponents which gives rise, at the instant of the 
pulse, to a net voltage sumnntlon rather tlian a more or less 
complete cancellation. ?he period of time from the instant 
of the pulse before the coherence of a bend of frequencies 
is lost depends upon the ratio of the width of the band to 
the frequency «t th® aiddlo of the band, and to the amount 
of amplitude variation that exists within the band of fre- 
quencies. A sherp amplitude variation lengthens the time 
required for the coherence to be lost. The frequencies in 
the region of s spectrum where the amplitude variation with 
frequency is rapid, then, are the frequencies which tend to 
give rise to oscillatory trailing edges when the higher fre- 
quencies are not passed. 

It is convenient to define a frequency associated with 
the puls© width. Let the central frequency of a pulse be 
that frequency which has a half-period equal to the pulee 
width at the half-amplitude points of the pulse. It is 
generally true that the central frequency of a pulse lies at 
a point in the spectrum thereof about half-way between aero 
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frpqu«ney nnd tlie region where the eisplltude variation 
is greatest. 

It i»ay be said that, for a given relative band- 
width, the frequencies which lie between tho central 
frequency of the pulse and twice tliis frequency con- 
tribute nost to the destruction of the singleness of 
the pulses . 

Tho frequencies below the central frequency, on 
the other hand, do not tend to produce oscillatory trail- 
ing edges for two reasons. First, they ocouj^ a region 
in the spectruK where the anplitudes are nearly the saae 
height; and second, for a band of given frequency spread, 
tha relative bandwidth is greater in the low-frcquoncy 
range than in the high frequency range. Accordingly, the 
low-frequency bands will lose their coherence in a smaller 
number of cycles, or part of a cycle. The components of 
a low-frequency band, Koreover, are effective in minimiz- 
ing tho oscillatory trailing edges resulting from a 
high-frequency iMind because they have considerably larger 
aaplltudes than tho high-frequency conponents. Iho wave- 
forms presGiited in Appendix C may be used to estiaate 
the low-frequency requirements in the light of this dis- 
cussion. 

Treating the amplifier as c whole, and assuming that 
the central frequency of the input pulse lies below the up- 
per cutoff frequency of tho cKplifior, it is apjparent that 
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th© tro\xble«o*ae frequency band 1« pr©»«nt in the output 



fro«i the amplifier. Frcixi the curves in Appendix C for th* 
caa* where this ia true, it can b« ©atlrated that the low 
frequency cutoff must be no higher than one-tenth of tho 
central frequency oi th© pulao in oiyier to preserve tlse 
einfjleneas of th* pulee. Aasuatdrii- tlmt the broadest puls* 
of interest la one mloronecond wide at the half aioplltude 
point, the central frequency bee owes £00 kc and the lower 
cutoff frequency should be 50 kc. 

3. Anticipated Input Signal. 

The range of signal voltage© which could be anticipated 
was coiaputed on the basis of tiia following asauMptlonsj 
(1) A capacitance of 16 pf would exist at the »ul- 
tlpller colleotor electrode. 

(£) Pour electrons would b« released from the first 
dynodo in process of the original detection. 

(3) The irultiplication pox' ©tag® within the multi- 
plier would bo in tho range of S.5 to 4.0. 

’^.oaulto of th* calculation are: 



ultiplicatlon 
• stare 


Collector 

•^lae 


Pulse 


2.5 


0.0026 


volts 


3.0 


0.0106 


n 


3.5 


0.145 


ft 


4 *0 


0.957 


ft 



Itie preamplifier was designed on the assxaeptlon that 
the output pulee from tiio multiplier would be less than 0.1 
volt. It was felt that a almple Inverter-Cathode follower 
could, easily bo substituted for tho pre-amplifier should the 
multiplier prove to hav* a larger output pulse than 0.1 volt. 
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Hid uncertainly of the inultlpllcatlon which might 
be achieved in the electron r.ultipll«i' made neceseery 
the frovislcn for e wide range of edJuRtment in the 

amplifier. It wae eoU{'ht to achieve thi» gain adjustment 
without Introducia^ tlocWing. To this end, a variable 
tranaconductance tuba was used in one of the early atagea 
with an adjuatabla bias. In addition to thi«, a number of 
stages were dealgned with i»sana by which they could be de- 
generated. 

5. Output ^«quire«enta. 

The amplifier was designed to produce a positive pulae 
having an amplitude across 1000 ohms of at least 20 volts. 
This was accepted ae a reasonable output for driving a scal- 
ing circuit or a synchroscope throu^:!! a short length of co- 
axial line. 

6. Additional features. 

A pulse amplitude dlscrialnator was Included for the 
purpose of rseasurins tbs ctatlstlcs of the Multiplier De- 
tector. 

A 3»ean8 of achieving a somewhat logarithmic gain re- 
sponse was Included to Improve the detection efficiency of 
the system. It was achieved by ipmkln^j provision for re- 
plfcir^g two of the sharp cutoff tubes which amplified nega- 
tive pulses with rciBcte cutoff tubes and by providing for 
degenerating two alternate stages which amplify positive 
pulses* 



Th© ©apllfl«r circuits which were ficslf^ncfl in 
Mocord&noo with the ©bovo coneid ©ration© ur© shown in 
Dwg». D-1039-A ana D-1039-'B in Appendix <T. The pre- 
amplifier consists of three stages of voltsgo ampli- 
fication coupled with four- terminal networks which or© 
not origlhiil in this design. It has a cathode fol- 
lower output juatched to a 93 ohm line. The measured 
steady state voltage gain of the preamplifier is 
plotted In Fig. 8. This data was taken using a General 
Radio 60^B Signal Genenitor with the output connection 
described in Appendix K, and a General Ihidio 1800A 
Vacuum Tube Voltmeter st a matched temlnotion to the 
output cable of the preasxplifior. 

The amplifier consists of an inverter stage, a 
gain control otage, four stages capable of being in- 
dividually degenerated by opening toggle switches, an 
amplitude diBcrlminator, e driver tube, and a cathode 
follower. Ordinary PC coupling wee employed in the »ki- 
plifier, but sptice was left for four- terminal network 
elements should they prove necessary to decrease the re- 
solving time. The amplifier provides a 93 ohm temlnatlon 
at its input, and is designed to amplifier sharp (0.1 
micro-seconds) positive pilses of not more then two volts 
amplitude. Its output is also a positive pulse limited to 
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20 rolts for line&i* tiapllfication, and to 50 volte 
under conditions of eeturatlon* The output Itapedenoe 
is 80 -a , but the aapllfitr lauet work into «n iRped- 
ance greater than 5000 oh«.s. The output oonnaotion 
has a d*o. voltage to ground of about 100 volte. 

The power requlrenonts of the amplifiers ere as 
follows: 

Pro-amplifier 

Direct Current - 4-200 volts, 54 milll- 
ampereo to ground. 

Filament - 6.3 volts a.c., 1 amperes, one 
side grounded. 

Amplifier 

Direct Current f 250 volts, 160 milll- 
amperes to ground and -I 50 volts 
2 mu to ground. 

Filament 6.3 volts a.o., 3 amperes, one side 
grounded and 6.3 volts tuc., 0.6 amperes 
center tapped and carried! at d.e. voltcig© 
of output oonnaotion. 
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Th« conpletv eiapllfler 6]rBt«is wa« tasted for pulsa 
response usl% a gas tube pulaer* whose output was at- 
tenuated bf a 75 ohm ’’toggle switch attenuator’’^"* The 
attenuator output was torjoinated at the pre-amplifier, 
and passed through a 1N34 crystal diode to the Input 
stage grid* The use of the crystal was to cause the 
charge on the grid of the first tube to leak off with 
the some tine constant under these test conditions that 
it would have when the amplifier was directly connected 
to the fimltipller collector electrode. 

The output pulse from the aaplifior wo observed on 
a P5 oynohroscope. The gain of the amplifier was determined 
from the known amplitude of the pulser output, the known 
calibration of the attenuator and the observed pulse height 
on the oynchroscope. A plot of the observed overall am- 
plifier gain is presented in Figs. 9 end 10. 

iBhen the last Allen tube was tested it wa» found that 
the multiplication surpassed the original estimates by a 
sufficient amount to cause blocking of the pre-aai)lifler. 

*This pulser, designed by J. A. Pare, delivers negative 
or positive pulses having rise times of loss than 0.01 
micro-seconds at trigger repetition rates up to 1000 
cycles per second. 

^Designed by Yurflley Bears of the M.I.?. Badiatlon Lab- 
oratory. 
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a quick remafiy to the situation, the resistance lU, 
r-wg. 1039-A, Appendix t»ee replaced by a 50 re- 
sistor. The overall e^ln was estisiated to have been 
reduced by a factor of 10 observing that the saxitsua 
output pulses of the praair»plifi«r after r.od.ification were 
about 1 volt whore they had been about 4 volts and had 
been blocking. 

Dynode Volte?^e Supply 

The dynoda voltages were obtained froK a voltage 
divider consisting of a series connection of 12 three 
aegoh*, one watt, Allen Bradley composition resistors 
each shunted by a 0.01 microfarad mica condenser. The 
condensers were included to prevent exterior disturbances 
from entering the tube via the lead-ins, end to reduce 
the resistance noise ciiarooterlstic of composition re- 
sistors. The dynodes were connected, in the manner de- 
scribed in the section on Conotructlon, to the voltage 
divider points so that dynodes no. 1 and 2* end the nickel 
shields were maintained at the supply voltage while the 
remaining dynodes in the order of their numbers were main- 
tained at voltages euocessively reduced froa the supply 
voltage in steps of one-twelfth of this voltage. The 
14th electrode or collector was connected to a coaKion 
ground through the grid return resistor of the pre- 
amplifier Input stage. Tile voltage to the voltage divider 

^ Hefer to Fwg. D-1025-V, Appendix 0, for dynode numbering. 



ifiito 9 gi »V liimi III *w9i 

wm»^ Mftu ^ jwif « «i0 AJi4%«9# M? 

f — «4t a 4« v<^r««n« f|i Ui *• A m 9mi0m 

MiJ aaJli T»tiil.<^M^ •#! ?« ««Alfti| AftffM 

4»4 litt * f4«» I < 4 9Uff i 9W999 




mM^ 4A»% # || iv4lMi4li A«9 

• ••'<«Wai»* t'« •«■•• g o f^WP 




^ 999 9i kmHm 

**if te» *% iftiB ^ •«• |g| %f 

««Ui 99f9*m %mrm Clili«litii# 9%Mm’ «Wa1A 

4rrMift xAmI 9> ^ «| fKtt 

»•• ••Ml tSrn99^>i^m9 •« L*9lmi 

jj? • 1^, IP fj tn^* irr 

4M m9krnU^ tm 9»m r 9 9 i9 

..r^l^r IS/ - rnmum »s ..««Mr> txMi mnutm 



was obtained fro* « Ysriable high-voltage power supply 
through ft shield od cable rated at 10,000 volts. The 
power supply was rated at 10 milliamperes at 5000 volts. 
Its voltage was adjustable up to 7000 volts for the cur- 
rent d3?awn in this application. 
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Particle rcvm^lnr, 

> ?h« ultimate test of febe electron multiplier detector 
would be «n accurate sBeeiureaent of Its efficiency in coun- 
ting alpha, beta, and ga»ra radiation. However, It was 
found that till* r.essure’Rent could not be aade in this In- 
veatlfatlon because the determl nation of the active area 
which defiiMa the solid anf'^le of the detector could not 
be daterialned by any si«ple experimeata • Conaequeatly, 
the data given la figures 11 through 1? Is to be considered 
as typical data rather than calibration data. 

In figure 11 a plot is shown of the variation in back- 
grour^ count witii pewer voltegc.To oVitairi the intex— dynede 
voltage, power voltage can toe divided toy 12. "he background 
count io satisfactorily low at all practical power voltages. 

Figure 12 shows a plot of particles counted from a 
polonluta source when pevstr voltaga is vax'led. a brief con- 
sideration of figures 11 and 12 togethex* indicates tiiat a 
power voltage of StoOO fivea optimum countis^^ conditions for 
strong sources of radiation, and a power voltagb near* 3&00 
is appropriate for weak sources. If an appropriate verti- 
cal scale were used, the curve of figure 12 could toe con- 
sidered a relative efficlancy curve for alpha particle 
count inf • 

Pate for figxtre IS was obtained by usinr dlsct'lKlr.et0r 
bias to analyse puls® Eja.;,nitudes» 'This in essentially a 
curve sbowlnf2 the variation in overall gain with power 
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volt«c*» noteworthy the total count and dark 

currtent cu-rves have characteristic# sliwilar to the curve 
of flyure 13 up to ItOO vclta. Above b£00 tbs Increaoo 
in background count Eiay very well be Uie reaxilt of corona 
in exterior leads ci' field esilsaion within the txaba. 

The cxxrve of fls ure 14 »hov?s the effect of fitr.j>liflor 
gain on ccunti^ii: ability, tlio several "platoaixa** noted 
iixdicat# that the mjorlty of the puleea arc cf about the 
BRiTsO six*, ^he Stepp©'* down plateaus further indicate 
tixat aoEie variation occurs in the esxission of elccti'ena 
in the first three or four dynodes. llxis for» of curve 
i« expected In multiplier type tubes. 

In obtaining; data for figure 15 the dXscrl’cinator 
bias of the acalerwao used to analyse pulse aisee. "iie 
curve shown could also be considered as a pulse snagnltude 
distribution curve. Kora again the variation In tho emis- 
sion at on© cr more of the first four dy nodes Is evidenced 
by the several steps along the negative slope of the curve. 

Figures 16 and 17 are eitnilar to 14 and 15 respectively, 
except that a som’C® was used to produce the pulses. 

ftm wore regular distribution cf puls* slseo cbeerved in 
figure 17 la attributed tc the fact that ganwa rays may 
reach any of tiie 13 active dynodes and prodxxce an electron. 
This fact, plus the statistical variation expected in raul- 
tipllcaticn at any aurface tends to <11cj;,ulse any stops such 
as were observed with the alpha partlcl* source. 

An adequate source of beta rc'’iatlon was net available 
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ftt fch« tiJM data was taken. Hie reepoaoa to beta rays 
should be very slnllar* to that obtained for ^wacta rays 
slnco both processes Involve ein, l« electrons at the point 
where a pulse Is initiated. 

The curves shown in ft uros 11 throu^”li 17 indicate a 
soajowhat better perfornstnee than that of tubes tested ty 
Pr. Allen. Allen found that hi a pptiJBum operating point 
was at or very near 4B00 volts. Above this voltage the 
back|‘rounc1 count waa observed by Allen to rise rather 
rapidly, further, Allen's results do net show a '’plateau** 
region when plotting gama Indviced counts against es^pllfler 
grain. The tme extent of the improvcKont can not bo properly 
estiisated until exhaustive woasureisenta have been nado. 
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COHCLUSIOMS PAHT II 

In the forogoine cectionn, the nethoda und results of 
testing the eultiplior-detector have been presented • While 
it was not possible to ssako ejchnustiva studies of the 
measuring techniques or the tube perfomance, ouffioient 
inforoatlon was obtained to indicate these conclusions. A 
»ultiplier-fiet actor of the Allen design Bsay be heat treated 
in a stream of hydrogen with resulting perforamnee compar- 
able to or bettor than that given by a vacuum processed tube. 
Special neacurcs can be taken to prevent corona and leakage 
from adversely affecting the performance of the tube. A 
properly constructed and processed tube can be used to 
count alpha, beta or gaKK* rays with high efficiency. 

Among the further studies which are warranted are the 
following. An attempt should be aside to decrease the re- 
solving tiao of the electronic equipment associated with the 
detector. A video amplifier consisting of Just a few stages 
of S29B tubes would aid greatly In making neasuremontn where 
linearity in the amplifier in iciportant. A study of the solid 
angle presented by the effective window of the tube is recom- 
mended as an important prelisilnary to ©any counting experi- 



ments 






1* V.K. ;:;wcryicin, G. A. virtcm, »nd L. A. ^^fcltsr - 
''ccofvlAry-T ial8«lon •*ultipl1.er - A H«w 
XmvlC9** Prcc. 1. v 24, pp 5&1-375, 

l^rr 

2* V.r. ?*foryU-In rh'S «T. ’Icctro- 

Bt&tlc 'iBctron ?'pltiplior,” Proc. I.**.’ •, 

V 87, pp .W>566, {‘opt,, 

A. J.f-. All on, ■‘'.•aicsion of ‘"-oconrlary e lectrons 

frcws Matftls " ct?ta;t»dc<f wltii Protona,'’ P hyg, 

«ov. . V 50, p 3.*.5, li'39) 

4. P'. Kollath, "’’tjor die 7'oktt’i.dtii’elektroaen - xsistulon 

d«a 'oryllltiTi-a’* Amnl. d. Thy*?, v 53, p 8i.i3 
(Oct. 1950) ~ 

5. J. ?*, Allen, ’’fotection. nf slnglo Pooltivo lomi, 

^ lecti-ons, and Photons hy a Secondary Electron 
Multiplier, ** Phya . £ev, , v 00, p 906 {*'ay 1959) 

6. A. Cravoe, '’Modern r.«l|?6r Mueller Counters,” ’ I«c» 

tronlca , Jtn, 1947, pp c/D-OS* 

7. J.h. Owen Ilarriea ”*'ccondary ''iectren had i at Ion,” 

’’••IcctronlCB , ert. 1944, pp lOO-lCO 

e, J. . rcod?;ard lect\t»»c»c, mtroductlcn to Mucleer 
fhyelcs, ‘lirarer 1947. 



i- 



D 







mmrn ^ Ml"^ <* 1***^ «4MtJ»«i 

^ *' *** •'•■■llglili^ V!T ^uw j 

Mft -I «i.4» • !4 i^ ^ ^ wt l^mmi cl 




ai>* ^ » liir ^ MMu«i 4^iM 4» ^*m %tu»t^3 









F,^. / 









» 

I 



ij 




I 



I 



Ary. M,1X a 



(Copy) 



T«J UJ>'IVTKar"7 C'llCAQO 
ChlcmiiO 37 , 111 , 
Institute for Kucl«»r rtudies 



Offlcs of the Director 



March 6, 1947 



Frofssaor X. A. Oettlag 
Synchrotron laboratory, Rooia 24-D41 
Uass* Institute of 7«ch^olo^Jy 
Csmbridgs S9, Mass. 

Dear Tr# Ostting: 

I sai sncloslnf drfiwlj'if.a of the latest vereion of multi- 
plier tubs in use here.* ""he slsctroclss «r« foriKSd fro« 
cciKssrciel beryllium copper shsst approx iwately 5 to 7 alls 
thick. The alloy contains approxlasately k Le by vfsijht and 
was ototainsd from tha >^«rylliuia Co«^3any of Awarlca. If 
poesibl®, the alloy should be annealsd dead soft. 

':rh« claanlr^r procediire ccnslats in poliahin 4 ^ the elec- 
trodes either wltJ:^ fine abrasive paper or with a aisvall felt 
polishlnc wheel. After •;he pc-liahlng; operation the elec- 
trodes sp# cleaned with C Cl^. 

assesble the eofsplete electrode struct\ira and place 
it in a glass tube which is then evacuated. ”'he electrodes 
are heat treated by means cf an » coll placed arcuivi the 
glass txibe. '"he ternperiiture of tha electrodes is about 
<500 to 700®C (a dull red) arif? the treatKont tluio about ten 
minutes. After the heat treatssent, the electrode eyctem 
may be removed from the tube etid mounted In the matal jsmlti- 
pller tub® ahell. electrodes reay toe exposed to the air 

for soverel hours without an appreciable decroase in the 
■seccndary properties. After repeated exposures to air the 
RiUl tipi 1 cat Ion of the tube will decrease. However, the 
electrodes may be reactivated by the heat treatment just 
described . 



sincerely yours, 
/»/ J&ra&a €'• Allen 
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Alloy wao rbtain«d fro® th« /•ryllii«n Co»3p«ny o 
•K«rlcA. It ia id«ntiri»d ae their Vo» 25 alloy. Tt la 
known to have th« followlnr characterlstica: 

■’hlokneaa O.OOO’' 

CcmU tlon 



/innealed 

rlcn^afclon 40JI 
Eerdneas 78.000 rrinell 



Aj-'i'lKT.IX E 



listed bmlcw U the capacity a<itu on th* racuiua 
pusjp U«td in this inveetl.frationj 

r.iffu»ion pu«sp« 2 cu puisp produced, by 

MsfetUfttion Prof!«ct» Inc. of -cch«st»r, N.Y. 
"he puajp i» <!e«i. nated Vr-’io end i« ret«<3 at 
10 11 tore per second at 10“^ s»5 of rr. , 

•'"ore ptwsp: deal rotary cil purap ?/o. i^OOf, 

r^nufaefured by i^. p, voich ^^nnfacturlng Co, 

O4 Chicafo, 111, 'Thia pccap is rated at 0.1 
Ut«r* per aecend, ideal operating con* 

dltiona It win pimp a ayafcojs to 10-3 ^3^, 
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Til© niclceX shield© at the upper «nd of the elec- 
trode eeseeibly were designed to have two funotloDs: 
one, they help to create a field free region in the 
volusxe enclosed by the shield© and dynodea 1 and 2; 
two, they prevent ion return from the high numbered 
dynodea to the low numbered dynodes collecting any 
ions which aay have a free line of flight to the 
shields. Further, the shields will alter the surface 
charge in the region of dynodes 3 and 4 in such a mn- 
ner that ion© will be collected in this region and tuny 
not proceed to dynodes 1 or 2. 
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APPEKDIX G 



RISE TIf.<F. LBaTATION OF AN AWhlFlER 



Consider a single vacuum tube arranged as an ampli- 
fier with a plate load resistance R and a capacitance jC 
shunting the plate of the tube. Designate the transcon- 
ductance of the tube by g. Assume that the grid signal 
is that pictured in Pig. 1, characterized by a rise time 
and an amplitude E. The transient response of the plate 
voltage, e, to this signal may be obtained as the solution 



to the following differential equation: 





II 


S' ^ 


u(&) - ^-C-SOc^Ctr-^jl 

(1) 


solving, 

e.(t) - 


c s 


r‘/'f - 


J (2) 


where 









T z RC 

The plate voltage change which occurs during the grid sig- 
nal rise time is obtained by giving t the value ^ in (2). 
The result may be expressed as _ 

^ JC“ ^ . / “ ^ 






/ — 



5-/r 






(3) 



The value of the qiiantity in braces is shown plotted in 
Fig. 2. It is seen to have its maximum value, 0.5, where 
T, the plate circuit time constant, is large compared to 
the rise time of the grid signal. Stated roughly, the 
break away from the zero signal axis in response to a step 
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a I nal Ik sh»rp*at l.n a circuit h»vlni* & 2 oi ><5 piato clr- 
culfc tlji» coiiatant. 

>s»uisinf that thl« confUtlon i« njtt, than Us# r^jcl- 
JMt*;. puls# gain which can h© rtRllae*'^ fj"cjs th# aicplLfiflir 
during th# grid signal rls# Interval ia ^iv#n by 
e r<r) ^ ^ 

E. z c (4) 

Actually, the areplirior can do b#tt«r than thle if « tiia» 

lag In th# rospons# 1» «coept»bI«, nii« l» so because th# 
rise rat# of the amplifier rospena© starts at «ero and build 
up to a *wl5au» at t = . if the Rmplirier Is so designed 

that th# plate response during an Interval of tlsR# while 
th# »axiicu« response rate Is effect Iv# l« usatl#, tben th# 
»«.xlnna5i gain cbtainabl# fror.j the aaspllflor while preserving 
th# rl#^ tlsis# i# iven by 

/£ 

Perfomla ihs «lff#r«nfclatlcn of (g) tho oaxicum .aln i« 
found to bo 

e c j {h) 

The quantity in braces 1# also plotted In ^1, . t\ Maximum 
gain Is again obtained for the condition that the plate cir- 
cuit tl»*» constant b« lar^g# co-^^-ared to the sigml rise tlKse. 
In tbie cas# howc'/cr, the quantity In bi'acksts i« seen to 
have a «axiis\aa value of unity. 

It E&y therefOT*# l:e stated that the iscixlacu^s video gain 
which la obtaAfHvble fro® a slnrl# tube as^llfler that has a 
response rle# time equal to the grid signal rise time is 
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t»h«r© 

g 1« th« tut'« tr*an»ctvi.i!5yct-imco 

c 1« th<i ©ff«ctlv« c»pftc5tanc« einuitiry' th« 
plnt« of th« t.ub« 

S la t2-i» rise of frl{* signal 
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Appmrix ii 
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F iff- 



PEH-STAGK FOIf ACHIF.Vmi A HIGH UPPy H 
aK^CY '~I^^ir''Hi>Sli?^AHCE«»CAP^^^ 
co*jPilr,r 



n no. of stttgos 

C interstage capacity 

R plate load reeistor 

gm tube transoonductanoe 

A total overall gain 

w s 2 V f X angular f roquency 
2 plate circuit iiapedanco 

^2 upper cutoff frequency 



The plate circuit of the liinplifier offers the follow- 
ing iapedano® to ground, negloctin^; lower cutoff consider- 
atione. 



JL ^ 

^ « . } — rTT~ 

H 4 1 "It jwCi! “ '1/1 ^ ^ 



The frequency at which the gain of a stage is 1 tisies 

X 

the mid band gain ic given by the solution of 
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7lie value of fg fcy (1) will have the eignlfl- 

eanc© of being tbe oversil upper cutoff frequency if 

r» = 0.707 <2) 

A 

The nuaber of sfcagas is rei&tefi to tiie overuii gain 
by 

s 

80 that 

In A (4) 

“ • In(gaR) 

Therefore, substituting (4) into (2) solving 

for X In gjaH 

"* . 1 , 1 ^ In A 



. 3646 In 

= « In A 



. 3646 
= (g»H) la A 



(5) 



Tho vcilue of the plate lo&a resietunce for imxiiaun 
bandwidth nay be obtained by fiiPferentlating (1) and 
equating the result to zero. 



(2 7T KC)2 

This gives the relation 
ytj dx ^ » 

Xii ^ -1 



= 0 



(6) 



(5) *»y be differentiated to obtain an expression for 
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H = g^5 8“ 



ax . X 

m - In A ^ 

JXibRtltutltie (7) Into (6) 
Xn A ^ - A - A 



~2 

A S 



1 - ;3S5i 

In A 



( 7 ) 



(8) 



Froa (5) en^ (8) 

/ ut ' in ^ 

Ut y s 

in A 



- 1 






Sino« X i® quite oa«ll ooKspared to unity 

(gmH) ^ * 1 V ln(it»I<)y 4 1/2 (gKR)y^ 



X 

1-y 



s 1 f y f y' 



Aooordiiu^iy. »n explicit solution for z *‘‘^y 
tallied. 

1 «» 21n {«rH) 

^ - 1 - 2in^(fimi^ 



It followa then 



, ^ 1-2 In^ itmn) 

IR A s 0.3646 ^ ^ 2 In {g®ii?) 



( 10 ) 



Yihnn this fonuula is plotted it is found that the 

l/2 

optimusi value of H is rery nearly o for all prac- 
tical values of A, the overall (;ain. 
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In view of this fnot, the number of 8te,£e» reeiulred 
to give optimuK bandwidth i« given by 
n z 2 In A 

T2x© Bssount by which e«c2i stag* lis dowii In guin *t 

th® cutoff frequency i» given by 

1 1 

S = l.UJ. : 1.X9 



Finally, the cutoff frequency srny be written «s 



fg a 0.1 ^Vl.414 ^ 



^2 = 0.1 M-]l>2hZ 
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It Is he,r«ln to dsvelop « c?*l*arion for 

how low ths low fi*«iiu«ncy cutoff of r circui t Kust 
b« Kftdo in orMler to |>re»«rvc & cfirt&In of *'ul8« 

w«v«foriQ. A siiltfcblw jmi1s« will bo raeolvod Into its fro- 
quonc;f ooe^jonont*. It tlif.n will b« roconotructod ualrtg 
onl^?^ th« coj^ononta within a roatrlct^d froquoncy bmid, 
RRR\mlnc that within this bfend all fr-equenclcs »uff«r equal 
attomsallcm and pha.«« shl.' t px’oportlonal to fr«qu«ney. 

73 ii« will bo peTt'oiim6 far various froquottcy barKto and the 
resulting pul so wavoforns will be cosiparod with th« orij^lnal. 

A convenient input pula* for tbla i'm'pom ie a siity'le 
cycle of « »lne wave bocause th« blc,.h -frequency ccropowonta 
of Eueh a pul*® are net^llr'iblo. Ijo role played by 

the low-froqu«ncy ond of i ts spec truss will sccordin ly oc 
all the ««ro appax’ont. 

hot the input pulso be that shown In l£. 3 f Ivon by 
e ~ f /- ^ Uf( ^ f 0 -- 
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or 



I, apiece Transfom of this function ie 
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reel-frequency spec truss, io tlvcn by 
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th« ronrler Inv*sr«e ’”r<5n»fom the volttige pulse «ft«p 

tls« t m ^ ia given by 

^ - ’ •6' 

" ^7^ J C*'***^ c/**P 

'Tblft rsay be exprecs?«<3 »8^ 

^ (f) =• J /jE‘^'^^1 C.OS ^ ~ ^ ^ c/ *-^3 

whero represents the algebraic letagnitude f-f T 

’il'tia in turn siuy be ftpp.ror.ir,mt«<5 t*y 

algebraic Ragnituf’le cf 1( jw) ia plotted in ' ig. S* 

Partial au»a cf the forr. 

<2^0^ ^ ^asln ^co 

are shown plofctad in' ^ig. 4. ThsKe were obtained graphlcelly 

frc5S3 the components drawn in '’Ig. 3* 

The resulting pulse %tav© forJBJS for various frequency 
banda are plotted In i£> £. 

Ccasparlnc tbeae with the original the folic wing con- 
clusions rmrs ba drawn. If tiie cIi;*oi:it hart a paaaband which 
lay entirely above or ev«n entirely above t the 

response of the clrcvxit to a sine wave pulse would 

not be a olngle pulae at all but a truln of pulses, bn the 
other hand, if the paaebend of the circuit lay entirely bolow 
had a lower cutoff frequency as ssiall as one tenth cf 
its upper outeff, the output from the circuit would have a 
distinct pulse-Xike character. In order that th.e pulse width 
fee p>x'«strved it la «uffloicjit that the upper cutoff frequency 
of the circuit be ae f r‘oat as If a ccir.plet©ly smooth 

trail edge of ti:» output p»ula« is required, a hirher upper 
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cutoff fr«qu 0 ,R.cy 1« n«e 0 »«i»ry. 

It l8 felt tJufet tiae abov# corxlu»loiis u&y b« 
lzti6 to apply to pwX#e sbap© by it suitable definition 
of • Accordingly atl^bt b® called tiie central esogular 
frequency of « pul««» and be defined »o the anjiul&r fre- 
quency of ft #in© ftftve ithoae h®ir»period equalo the pul«« 
width at bftlf-«inpllt*ad©# refined In thlo way it retoina 
the algrtiflcancft It had In this analysiej nacely^the dl- 
vidiix:. Itr^e b« twoen freqtioncleft of a s^^eotruis which contri- 
bute nofitly to the awplifade of a dlocreto puls# arid those 
which contribute Eminly to the ptdse ahap#* 
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GlirEtiJii, cyn . ^tTOR 605B CAHU yXTTIHG 

In the course of tectln^^ the pre-aapllfier it tm« ob- 
served thkt the Gener^il Rjiclio 3if'nai Generator 6 O 5 B gave a 
voltage output different froaj that Indicated by its cali- 
brated attenuator setting for frequencioa above ten siega- 
oyclos per second. At the advice of the General Radio 
Company, a cable fitting ees constructed vdiich practically 
eliminated the dieorepency. 

The fitting consists of an adapter between the General 
Jhidlo coaiiel connector of the signal generator and a U.H.F. 
cable connector, containing in series between the two con- 
nections a resistor of 40 ohms* It was found that the 
voltage at the matched toraination of a 50 ofi» U.H.F. cable 
connected to the signal generator through the fitting de- 
scribed bore a constant ratio to the voltage indicated by 
the signal generator attcsnuator for ell frequencies up to 
30 megacycles per second. This ratio was detemiricd to be 

0.47. 

The fitting io not designed for the constant one volt 
output terminal, nor for the multiplier setting of 10000. 

Only the remaining multiplier settings 1, 10, 100, and 1000 
cause the output iiapcdance of the signal generator to be 
10 ohms for which the fitting is deslgacd. 
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